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(54) Antenna device

(57) An antenna device comprises an antenna
board, wherein an antenna pattern is formed in or on a
front surface of a dielectric layer, a ground layer is formed
in or on a rear surface of the dielectric layer, and a feed
pin is inserted into a thickness of the antenna board
through the ground layer and the dielectic layer. The di-

ameter of the antenna pattern is set to one half of the
wavelength of an RF signal passed through the antenna
pattern, and a length of one side of the dielectric plate is
set shorter than the wavelength. A metallic plate is cou-
pled to the ground layer with a plurality of metallic spacers
interposed therebetween, whereby the metallic plate is
electrically connected to the ground layer.
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Description

1. TECHNICAL FIELD

[0001] The present invention relates to a radio-com-
munication antenna device, particularly to an antenna
device comprising a configuration of a patch antenna.

2. RELATED ART

[0002] In a configuration of an antenna board for a
patch antenna, a conductive layer that acts as an antenna
pattern is formed in or on one of the surfaces of a dielectric
plate, and a ground layer is formed in or on the other
surface. The antenna pattern is electrically connected to
a feed pin that is inserted into a middle substrate of the
antenna board, and the feed pin is electrically connected
to a coaxial cable that transmits a radio frequency (RF)
signal. When the RF signal from the coaxial cable is sup-
plied to the antenna pattern through the feed pin, an elec-
tric field is generated between the antenna pattern and
the ground layer to radiate a radio wave.
[0003] Japanese Unexamined Patent Publication No.
4-337907 discloses a configuration of a basic antenna
board. In the antenna board disclosed in Japanese Un-
examined Patent Publication No. 4-337907, a flexible
board having a projected step portion at one end edge
is integrally bonded without providing a ground layer in
a rear surface of the antenna board. A microstrip line and
the ground layer are extended to the projected step por-
tion in a rear surface of the flexible board, and the pro-
jected step portion acts as a coaxial-cable connecting
lead portion.
[0004] Japanese Unexamined Patent Publication No.
2004-72320 discloses an antenna device including a di-
electric plate in which the antenna pattern (described as
a patch electrode) is provided in a ceiling surface, a circuit
board on which a radio frequency circuit electrically con-
nected to the antenna pattern is mounted, and a shield
case that accommodates the circuit board. In the antenna
device, a ceiling plate portion of the shield case is over-
hung to a surrounding area of a bottom surface of the
dielectric plate, and the radio frequency signal is fed to
the radio frequency circuit, whereby the shield case acts
as a ground.
[0005] In order to efficiently radiate a radio wave using
a patch antenna, it is necessary that a width of the an-
tenna pattern be set to one half the length of a wavelength
of the radio wave. It is also necessary that an overhang
width (a width of a portion outside the end edge of the
antenna pattern) of the ground layer to the antenna pat-
tern be sufficiently increased. Specifically, it is necessary
that the overhang width of the ground layer be at least
one half of the width of the antenna pattern. Accordingly,
each side of the dielectric plate is optimally set to at least
the length (that is, double the width of the antenna pat-
tern) corresponding to the wavelength of the radio wave.
[0006] Recently there has been a demand for a com-

pact antenna device with the breadth of an RFID system.
Even if the antenna device is compact, it is necessary to
radiate a radio wave having sufficient intensity.
[0007] As described above, the size of the antenna pat-
tern or the antenna board is determined with respect to
the wavelength of the radio wave. In the antenna board,
the wavelength of the radio wave is shortened by a wave-
length shortening effect of the dielectric material. Be-
cause the wavelength shortening effect increases with
increasing permittivity, when the dielectric plate is made
of high-permittivity material, the wavelength of the radio
wave is largely shortened, and the size of the dielectric
plate can be reduced according to the shortened wave-
length.
[0008] However, gain is decreased because the use
of the high-permittivity board reduces an aperture area.
In order to increase the gain, it is necessary to enlarge
the dielectric plate. However, such a compact antenna
device is not desired due to the high cost of the high-per-
mittivity material.
[0009] On the other hand, when the dielectric plate is
made of low-permittivity material, gain is enhanced, and
the cost can be lowered. However, because the wave-
length of the radio wave cannot effectively be shortened,
the size of the dielectric plate is hardly reduced.
[0010] Thus, in the antenna device of the related art,
a useful compact antenna device and high gain are hard
to achieve at the same time. The present invention has
been devised to solve the problems described above,
and an object thereof is to provide a compact antenna
device in which high gain is obtained at reasonable cost.

SUMMARY OF THE INVENTION

[0011] In accordance with one aspect of the present
invention, an antenna device includes an antenna board
in which an antenna pattern is formed in or on one of the
surfaces of a dielectric plate while a ground layer is
formed in or on the other surface, and a feed pin is dis-
posed in a middle substrate or portion of the antenna
device in order to feed electric power or a signal to the
antenna pattern, wherein a metallic plate is disposed fac-
ing the ground layer side of the antenna board, and the
metallic plate and the ground layer are coupled and elec-
trically connected through a plurality of metallic spacers.
[0012] According to the above configuration, the cur-
rent passed through the ground layer by the generation
of an electric field propagates partially to the spacers and
the metallic plate, and the metal located within the prop-
agation area acts as a ground connected to the ground
layer. Therefore, the radiation efficiency can sufficiently
be enhanced even if the overhang width of the ground
layer to the antenna pattern is insufficient. Because the
permittivity is relatively low, even if the dielectric plate is
made of a material in which the wavelength shortening
effect is low because of relatively-low permittivity, the
length of one side of the dielectric plate can be made
shorter than the wavelength of the radio wave, which
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allows production of a compact antenna board. The use
of low-permittivity material can enlarge the antenna pat-
tern even if the size of the board is reduced. That is,
because the aperture area can be increased, high gain
can be ensured. Additionally the cost can be lowered.
[0013] In the antenna device disclosed in Japanese
Unexamined Patent Publication No. 2004-72320, the
function of the ground is complemented by the shield
case below the dielectric plate. However, because the
whole surface of the dielectric plate is brought into close
contact with the shield case, no feature of the present
invention is described in Japanese Unexamined Patent
Publication No. 2004-72320. In the antenna device dis-
closed in Japanese Unexamined Patent Publication No.
2004-72320, the circuit board is disposed in the shield
case, and the coaxial cable and the feed pin are connect-
ed through circuit board, which results in the complicated
configuration. On the other hand, in the antenna device
of an aspect of the invention, because the antenna board
and the metallic plate are coupled with spacers inter-
posed therebetween, a simple configuration is achieved.
[0014] As described below, because a coaxial cable
can be inserted into the gap between the antenna board
and the metallic plate and connected to the antenna
board, the coaxial cable does not project from the back-
side of the antenna device. Therefore, the antenna de-
vice can easily be attached to a wall surface.
[0015] In the antenna device in accordance with an
aspect of the invention, preferably a conductor pattern is
formed in the ground-layer forming surface of the anten-
na board within in a predetermined area including a con-
nection point to the feed pin while separated from the
ground layer. A coaxial cable is inserted into a gap be-
tween the antenna board and the metallic plate, and an
inner conductor of the coaxial cable is connected to the
conductor pattern while an outer conductor of the coaxial
cable is connected to the ground layer.
[0016] In the antenna device in accordance with an
aspect of the invention, preferably a first conductor pat-
tern is formed in a predetermined area comprising a con-
nection point to the feed pin while separated from the
ground layer in the ground-layer forming surface of the
antenna board, and a second conductor pattern is formed
near the first conductor pattern while separated from first
conductor pattern and the ground layer. The first and
second conductor patterns are connected in series
through a capacitor. A coaxial cable is inserted into a gap
between the antenna board and the metallic plate, and
an inner conductor of the coaxial cable is connected to
the second conductor pattern while an outer conductor
of the coaxial cable is connected to the ground layer.
[0017] Because the gain of the antenna is enhanced
with increasing area of the dielectric plate, it is necessary
to increase the thickness of the dielectric plate in order
to ensure the gain without changing the area of the die-
lectric plate. However, when the thickness of the dielec-
tric plate is increased, because a reactance or resistance
component is generated by the length of the feed pin, it

is necessary to provide a circuit that cancels the reac-
tance or resistance component.
[0018] In the antenna device of an aspect of the inven-
tion, in consideration of this problem, the inner conductor
of the coaxial cable and the feed pin are connected in
series through an impedance converting capacitor. The
reactance or resistance component of the feed pin is can-
celled by the capacitor, and the impedance of the RF-sig-
nal route in the antenna board can be matched with the
impedance of the coaxial cable. Therefore, the gain can
be enhanced by the thickness of the board without de-
grading the radiation efficiency.
[0019] According to the invention, even if the overhang
width of the ground layer to the antenna pattern is insuf-
ficient, the function of the ground is complemented by
the metallic spacers and the metallic plate coupled to the
metallic spacers, and the radio wave can be radiated
without trouble. Therefore, even if low-permittivity mate-
rial is used, the size of the dielectric plate can be reduced,
the gain can be enhanced, and, in addition, the cost can
be reduced or maintained.
[0020] Accordingly, a compact antenna device in
which high gain is obtained can be provided at reason-
able cost.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Figs. 1A and 1B are a side view and a front view,
respectively, illustrating a configuration of a main part of
an antenna device according to an embodiment of the
invention;
[0022] Fig. 2 is a graph illustrating a relationship be-
tween permittivity and gain;
[0023] Fig. 3A is a front view illustrating an entire con-
figuration on a rear surface side of an antenna board,
and Fig. 3B is an enlarged view of a connection point to
a coaxial’ cable; and
[0024] Fig. 4 is a view illustrating a relationship be-
tween a redome and a coupled body of the antenna board
and a metallic plate.

DETAILED DESCRIPTION

[0025] Embodiments of a compact antenna device ac-
cording to the invention will be described with reference
to Figs. 1A to 4. Identical elements shown in the various
figures are designated with the same reference numer-
als.
[0026] Figs. 1A and 1B each illustrate a configuration
of a main part of an RFID-system antenna device accord-
ing to an embodiment of the invention. Fig. 1A is a side
view of the main part, and Fig. 1B is a front view of the
main part.
[0027] The main part of the antenna device of the em-
bodiment comprises a coupled body of an antenna board
1 and a metallic plate 2. In a configuration of the antenna
board 1, front-surface-side conductive layer 11 and rear-
surface-side conductive layer 12 are formed in or on both
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surfaces of a square dielectric plate 10, in which the four
corners are cut off. The front-surface-side conductive lay-
er 11 has a circular shape, in which two arcs disposed
opposite each other are notched, and acts as an antenna
pattern. The rear-surface-side conductive layer 12 ex-
tends substantially the whole rear surface of dielectric
plate 10 and acts as a ground layer. The antenna pattern
11 is not limited to a circular shape, but may have a
square shape instead.
[0028] Ends of metallic spacers 3 are coupled or fas-
tened to the four corners of the antenna board 1, and the
metallic plate 2 is coupled to the other end of each of the
spacers 3. Metallic plate 2 is a rectangular, plate-like body
or substrate that is slightly larger in longitudinal and lat-
itudinal (planar) directions than the antenna board 1. A
lower surface of the ground layer 12 of the antenna board
1 is covered with a resist,except that the resist has been
removed or was not applied in the areas where each
spacer 3 is coupled to the ground layer 12. Therefore,
the ground layer 12, the spacers 3, and the metallic plate
2 are integrated, and electrically connected.
[0029] A passageway or conduit 13 comprising a con-
ductor is positioned properly into and through dielectric
substrate 10 in the antenna board 1, and the conduit 13
acts as a feed pin 13. The feed pin 13 is electrically con-
nected to the antenna pattern 11. A coaxial cable 4 is
inserted in a gap between the antenna board 1 and the
metallic plate 2 to transmit an RF signal. The coaxial ca-
ble 4 is introduced near a connection point to the feed
pin 13 along a rear surface of the antenna board 1, and
an outer conductor and an inner conductor of the coaxial
cable 4 are electrically connected to the ground layer 12
and the feed pin 13, respectively. Because of the con-
nection, the RF signal is introduced to the antenna pattern
11 through the feed pin 13, and an electric field is gen-
erated between the antenna pattern 11 and the ground
layer 12 to radiate a radio wave.
[0030] In Fig. 1B, A is a diameter of the antenna pattern
11 and B is a length of one side of the dielectric plate 10.
[0031] In a patch antenna, ideally a width length of the
antenna pattern is set to one half of a wavelength λ of
the radio wave, and an overhang width of the ground
layer to the antenna pattern is set to λ/4 or more. Accord-
ingly, it is necessary that one side of the dielectric plate
10 be at least the length of one wavelength.
[0032] That is, desirably B ≥ 2 x A is obtained, when
the above condition is expressed by A and B in Fig. 1B.
[0033] However, as illustrated in Fig. 1B, the length B
of one side of the dielectric plate 10 is much shorter than
two times A. Accordingly, even for A = λ/2, the overhang
width of the rear-surface ground layer 12 of the rear sur-
face from the antenna pattern 11 is too small, and pos-
sibly radiation efficiency of the radio wave is insufficiently
enhanced by only the antenna board 1.
[0034] However, in the embodiment of the invention
shown, a current passed through the ground layer 12
propagates to the spacers 3 and the metallic plate 2,
which are coupled to the ground layer 12, so that a me-

tallic material located within an area of the current prop-
agation can act as a ground connected to the ground
layer 12. Particularly, the current is efficiently passed
along a lengthwise direction of the spacers 3 by forming
the spacers 3 directly coupled to the ground layer 12 into
a columnar shape, so that the ground layer 12 that is
deficient in an area to radiate the radio wave can be com-
plemented. Therefore, the radio wave can be stably ra-
diated.
[0035] In the embodiment of the invention, the colum-
nar spacer 3 is used. Alternatively, for example, the spac-
ers 3 having a prismatic column shape or a triangular
prism shape may be used. The number of spacers 3 is
not limited to four, but more than four spacers 3 may be
provided.
[0036] There is no particular limitation to a material for
the spacers 3 or the metallic plate 2. For example, iron,
aluminum, and stainless steel may be used. The over-
hang width of the metallic plate 2 to the antenna board
1 can be adjusted as needed but not so much as to cause
difficulty in supporting a later-described redome 6.
[0037] According to the antenna device having the
above configuration according to the invention, the die-
lectric plate 10 is made of a material having a relatively
low permittivity. Therefore, the size of the antenna board
1 can be reduced while gain is enhanced to lower the cost.
[0038] The reason these effects are obtained will be
described below.
[0039] The radio wave in the antenna board 1 is short-
ened according to the permittivity of the dielectric plate
10. Specifically, assuming that εr is permittivity, the short-
ened wavelength becomes about 1/√εr times the original
wavelength.
[0040] Accordingly, when the dielectric plate 10 is pro-
duced using high-permittivity material, the wavelength
can largely be shortened.
[0041] As described above, in the patch antenna of the
related art, desirably the length of one side of the dielec-
tric plate 10 is set to at least the wavelength λ of the radio
wave. From the viewpoint of the wavelength shortening
effect, the wavelength of the radio wave is largely short-
ened using the high-permittivity dielectric plate 10,
whereby the size of the dielectric plate 10 can be reduced
while the desirable condition is satisfied.
[0042] For example, a radio wave in a UHF band (860
to 950 MHz) has a wavelength of about 30 cm, and the
wavelength in the antenna board 1 is shortened to about
12 cm when the permittivity εr of the dielectric plate 10
is set to 6. The antenna pattern 11 having the diameter
of 6 cm can be formed in or on the dielectric plate 10
having one side of 12 cm. However, as illustrated in Fig.
2, the gain is largely decreased with increasing permit-
tivity of the dielectric plate 10.
[0043] Fig. 2 illustrates a relationship between the per-
mittivity and the gain when a volume, a frequency band,
and radiation efficiency of the antenna board 1 are kept
constant. The gain is normalized with the gain having the
permittivity of 1 (permittivity of air).
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[0044] According to the graph in Fig. 2, the gain for the
permittivity εr of 6 is lower than 0.2 times the gain for the
permittivity of 1.
[0045] When the frequency band and the radiation ef-
ficiency (or loss) are designed to the same degree, the
gain of the radio wave radiated from the antenna board
1 is substantially proportional to the volume of the die-
lectric plate 10. Accordingly, the gain significantly de-
creases with decreasing area of the high-permittivity di-
electric plate 10. Because there is a restriction to the
increase of the thickness of the dielectric plate 10, it is
necessary to enlarge the surface area of the dielectric
plate 10 in order to enhance the gain. However, in this
case, the size of the dielectric plate 10 cannot be reduced.
[0046] When the dielectric plate 10 is made of low-per-
mittivity material, the wavelength shortening effect of the
radio wave is decreased while the gain can be enhanced.
Accordingly, in this case the size of the antenna board 1
is hardly reduced.
[0047] Thus, in the patch antenna of the related art, it
is difficult to simultaneously implement the miniaturiza-
tion of the antenna board 1 and the high gain.
[0048] On the other hand, in the antenna device having
the configuration in Figs. 1A and 1B, the function of the
ground is complemented by the spacers 3 and the me-
tallic plate 2, so that the length B of one side of the an-
tenna board 1 can be made shorter than the wavelength
λ. Accordingly, even if the dielectric plate 10 is made of
the relatively-low-permittivity material, the dielectric plate
10 can be reduced within an area where the diameter A
of the antenna pattern 11 can be set to λ/2. The gain can
be enhanced by decreasing the permittivity.
[0049] For example, in the graph in Fig. 2, when the
permittivity εr is set to around 3.5, the gain is obtained
about double that of the permittivity of 6. When the per-
mittivity εr is 3.5, because the wavelength of 30 cm can
be shortened to about 16 cm, the diameter A of the an-
tenna pattern 11 can be set to about 8 cm. Accordingly,
when the length of one side of the dielectric plate 10
made of the material having a permittivity εr of 3.5 is set
to 12 cm that is equal to the wavelength shortened using
the material having the permittivity εr of 6, the higher gain
can be obtained compared with the permittivity εr of 6.
When the gain has a margin, one side of the dielectric
plate 10 can be made shorter than 12 cm (however, more
than 8 cm).
[0050] A connection state between the antenna board
1 and the coaxial cable 4 will be described with reference
to Figs. 3A and 3B.
[0051] Fig. 3A illustrates an entire configuration of the
rear surface of the antenna board 1 together in relationto
the coaxial cable 4, and Fig. 3B is an enlarged view in
the area (within the dotted-line frame in Fig. 3A) of the
point connected to the coaxial cable 4. A white portion
17 in Figs. 3A and 3B represents a resist that covers the
ground layer 12; the actual resist has a green color.
[0052] The resist 17 is removed in the area corre-
sponding to a leading end portion of the coaxial cable 4

in addition to the areas coupled to the spacers 3, and the
ground layer 12 is exposed in part of the area correspond-
ing to the leading end portion of the coaxial cable 4A.
Microstrip line 14 and a small conductor pattern 15 are
formed in a band-shape region 101 beside the exposed
portion with a micro gap. The feed pin 13 is provided by
the passageway or conduit between the conductor pat-
tern 15 and a point corresponding to the conductor pat-
tern 15 on the front-surface side of dielectric plate 10.
[0053] Because the conductive layer around the micro-
strip line 14 and the conductor pattern 15 is removed,
the microstrip line 14 and the conductor pattern 15 are
electrically independent from the ground layer 12. At the
point where the ground layer 12 is exposed, conduc-
tive-layer removing regions 102, 103, and 104 are formed
along a peripheral border of the ground layer 12, and the
regions 102, 103, and 104 act as a thermal barrier or
sink. The point where the ground layer 12 is exposed is
coupled to the ground layer 12 at the point, where the
resist 17 is covered, with the thermal lands 102, 103, and
104 interposed therebetween.
[0054] An outer conductor 41 of the coaxial cable 4 is
connected to the point where the ground layer 12 is ex-
posed, and an inner conductor 42 of the coaxial cable 4
is connected to the microstrip line 14. The leading end
portion of the microstrip line 14 and the conductor pattern
15 are connected to each other through the capacitor 5.
[0055] In order to enhance the gain without changing
the area of the plate surface of the dielectric plate 10, the
thickness of the dielectric plate 10 may be increased.
However, in this case, there is a reactance or resistance
component due to the length of the feed pin 13. On the
other hand, in the example in Figs. 3A and 3B, because
the coaxial cable 4 and the feed pin 13 are connected in
series through the capacitor 5, the reactance or resist-
ance component generated by the feed pin 13 is can-
celled by the capacitor 5, and impedance of an RF signal
route on the side of the antenna board 1 can be matched
with impedance of the coaxial cable 4. Therefore, the
radio wave from the antenna pattern 1 can be efficiently
radiated.
[0056] When the reactance or resistance component
of the feed pin 13 is not considered because of the thin
dielectric plate 10, the microstrip line 14 and the conduc-
tor pattern 15 are integrated without the capacitor 5, and
the inner conductor 42 of the coaxial cable 4 may be
connected to the integrated microstrip line 14 and con-
ductor pattern 15.
[0057] Fig. 4 illustrates an embodiment of the invention
in which the coupled body of the antenna board 1 and
the metallic plate 2 is covered with a redome 6. The re-
dome 6 is a resin case in which a bottom surface is
opened, and an opening end edge of the redome 6 is
supported by the overhang portion of the metallic plate
2. A hole (not illustrated) is made in a lateral surface of
the redome 6 in order to insert the coaxial cable 4, and
the coaxial cable 4 inserted through the hole is connected
to the rear surface of the antenna board 1.
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[0058] According to the above configuration, because
the rear surface of the metallic plate 2 constitutes a back
side of the antenna device, the connection portion of the
coaxial cable 4 is not exposed to the rear surface, and
the antenna device can easily be attached to a wall sur-
face.
[0059] When the redome 6 is made of a heat-resistant,
chemical-resistant material, the antenna board 1 can well
be protected irrespective of an installation environment.
Specifically, PPS resin is an example of the heat-resist-
ant, chemical-resistant material.
[0060] However, when the permittivity of the dielectric
plate 10 is set to around 3.5, the permittivity (permittivity
of about 4) of the PPS resin is higher than that of the
dielectric plate 10. When the antenna board 1 is brought
into close contact with the redome 6, the wavelength
shortening effect of the radio wave is enhanced in the
antenna board 1 by an influence or effect of the permit-
tivity of the redome 6, and possibly the gain is decreased.
Therefore, in this embodiment, a gap is preferably pro-
vided between a front plate of the redome 6 and the an-
tenna board 1.
[0061] The gap is adjusted by measuring a distance d
(see Fig. 4) between the front plate of the redome 6 and
the antenna board 1 in designing the antenna device.
Depending on the change of the distance d, the diameter
A of the antenna pattern 11 and the position of the feed
pin 13 are also changed incrementally to ensure a setting
state in which the proper gain is obtained.
[0062] In another embodiment of the invention, the an-
tenna device, a second antenna board 1 on which a pas-
sive element is mounted can be disposed between the
antenna board 1 and the redome 6. In this case, a dis-
tance between the second antenna board 1 and the re-
dome 6 and a distance between the antenna boards 1
are adjusted on the assumption that the gaps are provid-
ed between the second antenna board 1 and the redome
6 and between the antenna boards 1.
[0063] There has thus been shown and described a
novel antenna device using the same which fulfills all the
objects and advantages sought therefor. Many changes,
modifications, variations and other uses and applications
of the subject invention will, however, become apparent
to those skilled in the art after considering this specifica-
tion and the accompanying drawings which disclose the
preferred embodiments thereof. All such changes, mod-
ifications, variations and other uses and applications
which do not depart from the spirit and scope of the in-
vention are deemed to be covered by the invention, which
is to be limited only by the claims which follow.
[0064] Although the invention has been described in
detail for the purpose of illustration based on what is cur-
rently considered to be the most practical and preferred
embodiments, it is to be understood that such detail is
solely for that purpose and that the invention is not limited
to the disclosed embodiments, but, on the contrary, is
intended to cover modifications and equivalent arrange-
ments that are within the spirit and scope of the appended

claims.
For example, it is to be understood that the present in-
vention contemplates that, to the extent possible, one or
more features of any embodiment can be combined with
one or more features of any other embodiment.

Claims

1. An antenna device comprising:

an antenna board comprising:

a dielectric plate having a first surface and
a second surface;
an antenna pattern in or on the first surface
of the dielectric plate; and
a ground layer formed in or on the second
surface of the dielectric plate;

a metallic plate disposed facing the ground layer
of the antenna board; and
a plurality of metallic spacers connecting the
ground layer of the antenna board to the metallic
plate,
wherein a feed pin is disposed through the
ground layer and the dielectric plate to feed elec-
tric power or a signal to the antenna pattern, and
wherein the metallic plate and the ground layer
are coupled and electrically connected through
the plurality of metallic spacers.

2. The antenna device according to claim 1, wherein a
conductor pattern is formed in or on the ground-layer
forming surface of the antenna board within a pre-
determined area including a connection point to the
feed pin while separated from the ground layer,
a coaxial cable is inserted in a gap between the an-
tenna board and the metallic plate, and an inner con-
ductor of the coaxial cable is connected to the con-
ductor pattern while an outer conductor of the coaxial
cable is connected to the ground layer.

3. The antenna device according to claim 1, wherein a
first conductor pattern is formed in a predetermined
area including a connection point to the feed pin while
separated from the ground layer in the ground-layer
forming surface of the antenna board, a second con-
ductor pattern is formed near the first conductor pat-
tern while separated from first conductor pattern and
the ground layer, the first and second conductor pat-
terns are connected in series through a capacitor, a
coaxial cable is inserted in a gap between the an-
tenna board and the metallic plate, and an inner con-
ductor of the coaxial cable is connected to the second
conductor pattern while an outer conductor of the
coaxial cable is connected to the ground layer.
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